In order to study the genetic aspects of the relation between neural tube defects and sex, we selected families with at least two closely related affected members. The sex ratios of both affected and normal transmitting persons were determined in these multiple case families.
Many multifactorial disorders are known to occur with a different incidence in males and females, including neural tube defects (NTD), which seem to occur more often in females than in males.' A detailed study has shown a correlation between the position of the lesion along the spine and sex.2 Lesions above the thoracolumbar boundary are seen more frequently in females, while lower lesions are associated with the male sex. In searching for an explanation, it has been postulated that these 'upper' and 'lower' lesions might reflect the disturbance of different developmental processes, that is, neurulation in females and canalisation in males.34 However, more recent data strongly indicate a common aetiology for all lesions irrespective of their location." As yet, the precise nature of the relation between NTD and sex remains unclear. The present study was In the selected multiple case families a total of 265 affected persons was counted and for 241 of them the type of defect was recorded (table 1). Spina bifida in a variety of clinical manifestations constitutes the largest number of cases followed by anencephaly and, finally, a collection of rarer types of NTD such as craniorachischisis and iniencephaly. When the male/ female ratio was determined, the spina bifida category gave a ratio of 1-2, while for the other cases with known type of affection altogether a ratio of 0 7 was calculated (table 1). The latter group, which shows an association with female sex, contains exclusively defects with lesions in the 'upper' region. However, despite the fact that we were not able to sort out most of the It is tempting to speculate that the observed concordance for sex might occur in parallel with a concordance for the location of the lesion linked together by the association between location and sex. This hypothesis cannot be firmly tested with our present data, because for the majority of our families specific information on the lesion is lacking. Nevertheless, we have been able to select seven families in which the affiected members are concordant for an 'upper' location of the lesion. As can be seen in table 2, in five of these families the affected members are of the same sex, which is in line with the proposed hypothesis. Obviously, more data have to be gathered before a more definite conclusion can be drawn.
SEX RATIO OF NORMAL TRANSMITTERS AND MODE OF TRANSMISSION
Besides affected persons, we also analysed the group of normal transmitters, that is, persons who have passed the predisposition for NTD on to the next generation (figure). In this group a deviation from unity was observed in the male/female ratio (M/F = 07, table 3) with a significant shift towards the female sex (sign test, p < 0-02).
Since most of our families were selected from the records of our institute, the observed female preponderance might be the result of an effect of ascertainment, assuming that maternal relatives of an affected proband are more inclined to request genetic counselling than paternal relatives. This was investigated by performing a similar analysis of multiple case families with non-syndromic cleft lip ± palate (see Methods). In these families, a male/female ratio of 1 6 was found for affected persons (table 3, p < 0-01), which is almost identical to that reported for randomly selected cases with cleft lip ± palate.9 For the group of normal transmitters a ratio of 1-8 was calculated (table 3, p < 0.02). The fact that the male/female ratio of normal transmitters of NTD and of cleft lip ± palate shifts towards different sexes argues against a significant bias of ascertainment in our results.
The large number of women in the group of normal transmitters suggests that the affected persons in our families might have gained the predisposition to NTD from the mother. By examination of the pedigrees the parental origin of the predisposition to NTD was determined separately for affected males and females. The results show that more of the Sex ratios of affected and transmitting members of multiple case families with neural tube defects affected females (69%, table 4) have inherited the predisposition from their mother (p < 0-0 1). However, for affected males there is no tendency towards either of the parents.
Discussion
We have analysed multiple case families with NTD in order to obtain more insight into the relationship between NTD and sex. Our results indicate (1) an association between lesions above the thoracolumbar boundary and female sex, (2) concordance for sex between NTD patients in families with two affected members, and (3) a significant majority of females in the group of normal transmitters. Further, our data suggest that (4) affected women have more often inherited the predisposition to NTD from their mother. According to Seller2 the relation between lesion/position and sex, as observed in randomly selected cases of NTD, might be correlated with sex specific spatiotemporal development of male and female embryos. Differences in the timing of early developmental processes have been observed in some strains of mice'0 I where male and female embryos show a different number of somites at the time of neurulation. In this context it is tempting to ascribe the relation between NTD and sex to the disturbance of certain genetic factors'2 that are implicated in early embryogenesis. The multiple case families that we have analysed provide an excellent basis for testing this possibility, because these families have been selected according to criteria which make a genetic contribution to the aetiology of the defects likely. Our findings indicate that the relation between lesion/position and sex, as was observed with randomly selected patients with NTD,2 is also true for familial cases. Furthermore, the fact that within these families the patients with NTD show concordance for sex seems to corroborate the involvement of inherited factors. It is important to identify such factors and study their function, because this would give direct information on the aetiology of NTD.
There are various mechanisms by which inherited factors might cause embryogenesis to Although a dosage effect of X linked genes may provide a basis for understanding some of our results, imprinting of maternally inherited developmental genes more easily explains the female preponderance in the group of normal transmitters. Recent studies on the genes for insulin-like growth factor 2 and its receptor have shown that imprinting can indeed influence prenatal development in the mouse.202' Finally, still other mechanisms might be involved, such as the action of maternal effect genes22 or maternal influences on the development of the embryo. The latter possibility has recently gained weight from the study of Steegers-Teunissen et aP3 who found a high percentage of heterozygosity for homocysteinaemia in mothers of children with NTD. Although the data in this study are preliminary, it is interesting that the women who were examined belong to almost the same regional population that we have selected our families from.
It is obvious that the findings reported here only mark the beginning of a more profound study into the relations between NTD and sex. We feel that firm conclusions on this matter, finally, may prove to be useful for genetic counselling of families with neural tube defects and hope that this report will initiate similar studies by others.
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